Introduction
In complex surgeries it is often difficult to visualize the exact location of e.g. a tumor and decide how to reach surgical site; by having a physical 3D model in front of them the surgeons are able to "look around the corners". If the surgeon has the opportunity to see the 3D model of a patient skull with the tumor placed at the right spot it gives him the opportunity to visualize better and to practice the actual surgery beforehand. By doing that it can be assumed that the operation time gets shorter, the doctor can be more precise and achieves better success rates, more patient safety and the cost of the surgery would be less. For years 3D models have been used to help planning and post operative evaluation in craniofacial surgery 1, 2 . Nevertheless there is limited literature about using this technique for skull base and brain surgery in combination with navigation systems. In this paper we describe a new clinical process where 3D models and segmentation techniques are integrated with the navigation system for planing neuro surgery.
Methods

3D
Medical modeling is defined here as the process which employs medical images from computer tomography and magnetic resonance scans to create highly accurate rapid prototyping models of the human anatomy. We use special image processing software called MIMICS (MIMICS 16, www.materialise.com) which allow importing the DICOM images directly from the hospital PACS system. In brain surgery patients are usually scanned both with CT and MRI modalities in order to visualize accurately hard and soft tissues; advanced data fusion and segmentation of regions of interest are done within the MIMICS platform. To fuse CT and MRI image together several landmarks are chosen. The quality of the result depends from the original image quality, the scanning orientation and numbers of landmarks which need to be at least 4. For this project image quality constraint where defined: MRI and CT scans taken with the same orientation, pixel size and slice increment ≤ 1 mm.
In neurosurgery the regions of interest are usually bone, tumor and eventually surrounding soft tissue. Depending from the image quality these anatomical areas can be isolated in automatic way. The result of the segmentation work is exported to the navigation system as DICOM set. We use the navigation system Stealth station S7/ AxiEM (Medtronic, http://www.medtronic.com/for-healthcareprofessionals/products-therapies/spinalorthopedics/surgical-navigation-imaging/surgicalnavigation-systems/index.htm ), it works as GPS system determining the position of surgical instruments in relation to patient images by automatically fusing CT and MRI scans. Then a registration is done with patients anatomy so there is a linkage between the patient and the system. The segmentation work is also exported to a 3D printer (zcorp 450) for rapid prototyping. The prototyping process takes 6-10 hours depending from the model size. Different colors can be used to display anatomical regions. Finally the physical and virtual models are available 1-5 days before the surgery for simulation and planning. The overall process is shown in figure 2. 
Results
The novel clinical process introduced here was used for the preparation of 4 brain surgery in year 2012. In all cases the use of 3D models did improve the surgical planning. At least in one case this approach played a relevant role for the operation success. This case is briefly summarized here: A 42 year old patient complaining of a buzz in her left ear, the MRI scan showed a tumor at an inaccessible place. Two 3D models were prototyped for this planning; the first model (Fig.3-A) show face and skin layer while the other model (Fig.3-B) show clearly the bone structure and where the tumor is located. A simulation surgery was made a week before the actual surgery. Image registration, operation site and surgical tools were planned and simulated using the 3D models (Fig.4 A-B) . The experience obtained with the virtual operation played a significant difference in the resolution and in the progress of the actual surgery. 
Discussion
3D models and navigation system for neurosurgery can be combined to improve surgical planning and surgeons training. This work demonstrates that three-dimensional models can be employed in the preparation of complex operation. Also, it seems likely that this process shortens operation time, contribute to better patient safety and can be used for training surgeons.
